O ut-of-hospital cardiac arrest is a major public health concern. According to one estimate, 155,000 persons have an outof-hospital cardiac arrest annually in the United States, of whom less than 10% survive. 1 These statistics underscore a need for improvement in cardiopulmonary-resuscitation strategies.
Cardiac arrest is caused by acute myocardial infarction or pulmonary embolism in approximately 70% of out-of-hospital cases, 2, 3 and cardiac arrest itself activates systemic coagulation. 4 Thrombolytic therapy during cardiopulmonary resuscitation can dissolve intravascular blood clots and has beneficial effects on cerebral microcirculatory reperfusion 5 ; it may therefore improve survival 6 and neurologic recovery 7 after cardiac arrest. In a previous randomized, controlled trial, no advantage could be shown for thrombolysis in patients with pulseless electrical activity, 8 but a recent meta-analysis suggested that thrombolysis during cardiopulmonary resuscitation can improve the rate of survival to discharge and neurologic function. 9 Although thrombolytic therapy in general is associated with an increased bleeding rate, the data currently available do not indicate that it contributes to an increase in risk when administered during cardiopulmonary resuscitation. 10 Current cardiopulmonary-resuscitation guidelines state that thrombolytic therapy should be considered in adult patients who have cardiac arrest with pulmonary embolism but that there are insufficient data to make a recommendation for or against the use of thrombolysis in cardiac arrest from other causes. 11, 12 We therefore performed a prospective, multicenter trial to determine whether thrombolysis with the use of tenecteplase during cardiopulmonary resuscitation can improve survival in adults with witnessed out-of-hospital arrest of presumed cardiac origin.
Me thods

STUDY DESIGN
We performed this prospective, placebo-controlled, double-blind, randomized trial in 66 emergencymedical-service (EMS) systems in Austria, Belgium, France, Germany, Italy, the Netherlands, Norway, Spain, Sweden, and Switzerland. The study protocol was approved by the institutional review boards of all participating centers. The requirement for informed consent before enrollment was waived in accordance with national legal regulations, ethics standards of local institutional review boards, and guidelines for good clinical practice of the European Agency for the Evaluation of Medicinal Products. 13 Surviving patients, patients' families, or legal representatives were informed about the trial and retrospectively provided written informed consent.
Funding for this trial and the matching study drug and placebo were provided by Boehringer Ingelheim. The sponsor and the executive committee were responsible for the design and conduct of the trial; analysis of the data was performed by two of the academic authors. The academic authors vouch for the integrity and completeness of the data and analyses.
STUDY PATIENTS
Patients eligible for inclusion in the study were adults with witnessed out-of-hospital cardiac arrest of presumed cardiac origin and with initiation of basic or advanced life support within 10 minutes after collapse. The exclusion criteria were suspected noncardiac cause of the arrest, known internal bleeding, neurologic impairment, coagulation disorders, pregnancy, participation in any other clinical study, hypersensitivity to the study medication, institutionalization of the patient, or any other condition that the investigator believed would place the patient at increased risk if included in the trial. Treatment with open-label thrombolytic therapy rather than randomization into the trial was permitted for cases in which pulmonary embolism was suspected to be the cause of the cardiac arrest.
STUDY PROCEDURES
On receipt of an emergency call for suspected cardiac arrest, the EMS dispatching center dispatched a mobile intensive care unit (ICU) (an EMS vehicle equipped with advanced cardiac life-support capability) to the scene. All mobile-ICU personnel participating in this trial had been trained in the conduct of the study protocol. On arrival, staff of the mobile ICU determined whether basic life support was being performed and initiated advanced cardiac life-support measures. At the same time, one member of the team evaluated the patient for eligibility for the trial.
If the selection criteria were met, patients presenting with asystole or pulseless electrical activity as the initial electrocardiographic rhythm underwent randomization immediately after in-travenous cannulation. Patients with ventricular fibrillation or pulseless ventricular tachycardia underwent randomization if up to three initial defibrillation attempts failed to achieve the return of spontaneous circulation. The treatment assignments of study drugs were randomly generated and stratified according to individual mobile ICU in blocks of four to ensure proper randomization at any time.
When a patient underwent randomization, either tenecteplase, dosed according to estimated body weight (30 mg for patients weighing less than 60 kg, 35 mg for patients weighing between 60 kg and 69 kg, 40 mg for patients weighing between 70 kg and 79 kg, 45 mg for patients weighing beween 80 kg and 89 kg, and 50 mg for patients weighing 90 kg or more), or matching placebo (Boehringer Ingelheim) was injected intravenously during ongoing cardiopulmonary resuscitation by the mobile ICU team. If required, cardiopulmonary resuscitation according to international guidelines 14 was continued for at least 30 minutes after administration of the study drug. Subsequent care, including transport to the hospital, followed standard EMS practice. Heparin was not allowed during cardiopulmonary resus- citation, and its use was discouraged until hospital admission, unless it was considered mandatory for further treatment. For patients undergoing percutaneous coronary intervention within 12 hours after randomization, glycoprotein IIb/IIIa antagonists were not permitted; the use of clopidogrel or ticlopidine and aspirin was discouraged unless they were considered mandatory.
STUDY END POINTS
All trial data were documented according to the Utstein style. 15 The primary end point was 30-day survival; the secondary end points were hospital admission, return of spontaneous circulation, 24-hour survival, survival to hospital discharge, and neurologic outcome of surviving patients. 16 Neurologic outcome was categorized according to cerebral performance category, with level 1 indicating good cerebral performance and level 5 indicating brain death. 17 The safety end points were symptomatic intracranial hemorrhage or major bleeding complications that were considered life-threatening or fatal or that led to hemodynamic compromise requiring intervention. Safety assessments included all complications occurring until hospital discharge or day 30, whichever came first. The original trial data were reviewed during the study by an independent data and safety monitoring board. Planned data reviews by the data and safety monitoring board were to take place after approximately 50, 100, 200, 400, and 800 patients had been recruited. However, no formal statistical assessments of efficacy, safety, or futility were planned in advance and no a priori criteria were formulated for amending the design or stopping the trial prematurely. Instead, the decisions of the data and safety monitoring board, including decisions to obtain specific interim analyses, were based on review of the observed data. During the trial, the data and safety monitoring board did not reveal any of the results to the investigators.
STATISTICAL ANALYSIS
On the basis of a multicenter trial in patients with cardiac arrest, 18 it was estimated that 30-day survival in the placebo group would be about 10%. It was calculated that 1000 patients would be needed for the trial, on the assumption of a drug-related improvement in outcome of 7 percentage points (the assumed risk difference), a significance level of 0.05 (for a two-tailed analysis), and a power of approximately 90%. Trial recruitment began on January 24, 2004. A blinded review of the data by the data and 21, 2004 . On the basis of this review, an ad hoc recommendation was made to discontinue enrollment of asystolic patients because of an extremely low 30-day survival rate in this subgroup (1 of 103). The study protocol was then amended accordingly. The number of patients to be enrolled was increased to 1300 to maintain the power of the study after an increase of 15% in the expected survival rate in the placebo group. The significance level was reduced to 0.045, because a non-negligible alpha penalty of 0.005 was deemed reasonable. Subsequently, on observing nearly identical survival rates in the two treatment groups, the data and safety monitoring board requested that a formal futility analysis be performed. With the use of data from 653 patients who were evaluated (after 209 patients with asystole had been excluded and a total of 1014 patients had undergone randomization), futility analyses performed on March Baseline characteristics are reported as means ±SD, medians with interquartile ranges, or percentages, as appropriate. Analysis of the primary end point was performed with the log-rank test. All secondary end points were analyzed with a continuity-corrected chi-square test. Nine prespecified subgroup analyses 16 and one post hoc subgroup analysis were performed. Missing end-point data were imputed according to a worst-case scenario. All analyses were performed with the use of SAS software, version 8.02.
R esult s
PATIENT CHARACTERISTICS
From January 24, 2004 , to March 23, 2006 , a total of 1050 patients were enrolled in the trial. Of these, 525 were assigned to tenecteplase and 525 to placebo. Fifty-eight patients (29 assigned to tenecteplase and 29 assigned to placebo) did not receive the study drug; in 33 of these 58 patients (18 assigned to receive tenecteplase and 15 assigned to receive placebo), the return of spontaneous circulation had already occurred; in 19 (8 and 11, respectively) , exclusion criteria were detected after randomization; and in 6 (3 and 3, respectively), the study drug was not administered for other, miscellaneous reasons.
The two trial groups were similar in almost all respects with regard to clinical profile, event intervals, and concomitant medications before and during cardiopulmonary resuscitation (Tables 1, 2 , and 3). The mean age of the patients was 65 years, and 21.1% were women. The median time from collapse to administration of study drug was 18 minutes. Acute myocardial infarction was the assumed cause of cardiac arrest in a larger proportion of the tenecteplase group than of the placebo group; this was the only baseline characteristic for which there was a statistically significant difference between the two treatment groups (Table 3) .
FOLLOW-UP
Protocol violations with regard to inclusion or exclusion criteria (mostly violations of timelines) occurred in 86 patients in the tenecteplase group (16.4%) and 74 patients in the placebo group (14.1%, P = 0.34). Treatment assignment was unblinded in 33 patients who had received tenecteplase (6.3%) and in 22 who had received placebo (4.2%, P = 0.17).
Unblinding was generally performed for safety reasons. Sixteen patients who subsequently underwent a percutaneous coronary intervention were believed to need a glycoprotein IIb/IIIa inhibitor, the treating investigator decided to use open-label thrombolytic treatment in 9 patients with prolonged unsuccessful cardiopulmonary resuscitation or suspected pulmonary embolism, 7 patients had bleeding complications, and 23 patients received unblinded treatment for other reasons.
Complete follow-up data were available for 1032 study patients. The relatives of 18 deceased patients were unwilling to give consent for the patients' data to be used. For 11 of these patients, permission to use their 30-day survival status was obtained, and for the remaining 7 patients, the missing primary end point was imputed to be "death." No patient was lost to 30-day follow-up.
OUTCOMES
At 30 days, 77 of 525 patients in the tenecteplase group (14.7%) and 89 of 525 patients in the placebo group (17.0%) were alive (relative risk of survival, 0.87; 95% confidence interval, 0.65 to 1.15; P = 0.36). Thus, we did not detect a significant difference between the two treatment groups in the primary end point (Table 4 and Fig. 1 ). There were also no statistically significant differences in any of the secondary end points, including return of spontaneous circulation, hospital admission, 24-hour survival, survival to hospital discharge, and neurologic outcome (Table 4) . Subgroup analysis did not reveal any significant differences between groups in the primary end point, except for those patients who received cardiopulmonary resuscitation from a bystander (Fig. 2) .
Intracranial hemorrhage occurred with significantly greater frequency in the tenecteplase group (14 of 518 [2.7%] ) than in the placebo group (2 of 514 [0.4%], P = 0.006). Four patients with intracranial hemorrhage (all in the tenecteplase group) were symptomatic (Table 4) (P = 0.13).
A separate analysis was performed excluding the 223 patients with asystole who had been included in the trial before the decision of the data and safety monitoring board to stop further enrollment of such patients. The results were similar to those of the primary analysis (see the Supplementary Appendix, available with the full text of this article at www.nejm.org).
Discussion
We evaluated the potential benefit of thrombolytic therapy during cardiopulmonary resuscitation for out-of-hospital cardiac arrest. There were no significant differences between the tenecteplase and placebo groups in the efficacy end points that we evaluated, including the primary end point of 30-day survival and the secondary end points of return of spontaneous circulation, hospital admis- sion, 24-hour survival, survival to hospital discharge, and neurologic outcome. Our trial did not confirm the beneficial effects of thrombolytic therapy during cardiopulmonary resuscitation that were described in several previous reports. 6, [19] [20] [21] However, the previous studies were much smaller than the present trial and most were not randomized trials. We enrolled only patients with witnessed arrest that was presumed to be cardiac in origin. In addition, the thrombolytic agent used in the present trial was tenecteplase, whereas either alteplase or streptokinase was used in some of the previous studies.
The fact that antithrombin and antiplatelet 36p6 agents were not administered during cardiopulmonary resuscitation and before hospital admission may have contributed to the lack of efficacy of tenecteplase in the present trial. Like other thrombolytic agents, tenecteplase increases platelet activation. 22 Heparin was administered with the thrombolytic agent in some of the previous studies. In the present study, the use of heparin was discouraged in the prehospital phase, primarily because of the fear of an increased risk of bleeding but also because we believed that the pharmacodynamic profile of tenecteplase made the use of heparin unnecessary. The adjunctive use of aspirin was also considered to be unnecessary. Platelet activation, however, is a key mechanism not only in the genesis of acute coronary syndromes 23 but also during cardiopulmonary resuscitation. 24 Activated platelets release von Willebrand factor, various cytokines, and plasminogen-activator inhibitor, all of which may inhibit thrombolysis. Activated platelets also interact with neutrophils and endothelial cells, which may -together with increased concentrations of complement and adhesion molecules in patients with cardiac arrest -exacerbate microcirculatory impairment. 5, 25, 26 In the present study, the interval between collapse and administration of the study drug was much shorter than in many previous reports (18 minutes vs. typically more than 30 minutes). This is in part a consequence of the administration of the thrombolytic agent only by the mobile ICU, without participation of emergency department personnel. Other response intervals were also shorter than in previous reports. The short response intervals may explain the fact that, even though patients with a successful response to initial defibrillation were excluded, our hospital-discharge rate was two to five times as high as that in other studies that focused on patients with cardiac arrest and that had similar inclusion criteria. [18] [19] [20] [21] [27] [28] [29] The surprisingly high overall survival rate may have contributed to the inability to demonstrate an additional survival advantage for tenecteplase, since the scope for improvement with any new strategy is limited if existing therapy is unusually successful (a ceiling effect).
Other possible reasons for the lack of efficacy of tenecteplase must also be considered. Although thrombolytic therapy dissolves intravascular thrombi, perfusion of vital organs during cardiopulmonary resuscitation is restricted, 30 which may have hampered the delivery of tenecteplase to blood clots in the coronary arteries. Sustained perfusion pressure may be necessary to induce benefit from thrombolysis, as is suggested by the reduced efficacy of thrombolysis in patients with ST-segment elevation myocardial infarction presenting with severe hypotension or cardiogenic shock. 31 The risk of intracranial hemorrhage in this study was greater than that expected from the use of thrombolysis after myocardial infarction. 32 Information related to possible contraindications to the use of a lytic agent could not be elicited from patients in cardiac arrest. More important, intracranial hemorrhage can cause circulatory arrest. Indeed, the site investigators reported intracranial bleeding as the cause of cardiac arrest in six patients, although such a causal relationship could not be proved with certainty. In fact, two of the six patients with intracranial hemorrhage as the reported cause of arrest did not receive the study drug after they had been randomly assigned to tenecteplase. Finally, since indications for cranial computer scanning were not predefined, a detection bias cannot be ruled out. Skeletal and other injuries are common during cardiopulmonary resuscitation, 33 but an increased risk of nonintracranial bleeding was not observed.
Our findings do not suggest that thrombolytic therapy should be withheld in patients with cardiac arrest if the primary pathologic condition is known to be responsive to such treatment. 10, 34 A retrospective analysis showed excellent survival in patients with myocardial infarction who had cardiac arrest and received thrombolytic therapy after the return of spontaneous circulation 35 ; thus, a more selective strategy may improve outcome. Since the study protocol permitted open-label thrombolytic therapy in patients with suspected pulmonary embolism as the cause of cardiac arrest, only 37 patients with confirmed pulmonary embolism were enrolled in the randomized trial -a number that was unfortunately too small to permit final conclusions about the value of tenecteplase in this subgroup.
The limitations of the study must be recognized. Prehospital emergency care is a very difficult setting for research. Because of the natural history of cardiac arrest and the limited number of autopsies, it is impossible to confirm the causes and circumstances of the underlying disease in all patients. Although the treatment of patients with cardiac arrest followed international guidelines, 14 which were modified by the use of a trial medication only, postresuscitation care differs between different hospitals. 36 For practical reasons, the trial did not include a registry of patients with cardiac arrest who could have been included, so any effect on the overall results due to bias in patient selection cannot be completely ruled out.
In conclusion, we did not detect an improvement in outcome when, in comparison with placebo, tenecteplase was used without adjunctive antithrombotic therapy during advanced life support for out-of-hospital cardiac arrest.
